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ABSTRACT 
It is well known that the neutralisation of Bayer liquor with seawater causes the precipitation of 
stable alkaline products and a reduction in pH and dissolved metal concentrations in the effluent. 
However, there is limited information available on solution chemistry effects on the stability and 
reaction kinetics of these precipitates. This investigation shows the influence of reactive species 
(magnesium and calcium) in seawater on precipitate stabilities and volumetric efficiencies during 
the neutralisation of bauxite refinery residues. Correlations between synthetic seawater solutions 
and real samples of seawater (filtered seawater, nanofiltered seawater and reverse osmosis 
brine) have been made. These investigations have been used to confirm that alternative 
seawater sources can be used to increase the productivity potential of the neutralisation process 
with minimal implications on the composition and stability of precipitates formed. The volume 
efficiency of the neutralisation process using synthetic analogues has been shown to be almost 
directly proportional with the concentration of magnesium. This was further confirmed in the 
nanofiltered seawater and reverse osmosis brine that showed increases in the efficiency of 
neutralisation by factors of 3 and 2 compared to seawater, which corresponds with relatively the 
same increase in the concentration of magnesium in these alternative seawater sources. An 
assessment of the chemical stability of the precipitates, volumetric efficiency, and discharge 
water quality have been determined using numerous techniques that include pH, conductivity, 
inductively coupled plasma optical emission spectroscopy, infrared spectroscopy, 
thermogravimetric analysis coupled to mass spectrometry and X-ray diffraction. Correlations 
between synthetic solution compositions and alternative seawater sources have been used to 
determine if alternative seawater sources are potential substitutes for seawater based on 
improvements in productivity, implementation costs, savings to operations and environmental 
benefits.  
 
1. INTRODUCTION 
Bauxite residue produced by the Bayer 
process is a complex alkaline tailings 
containing many different metal oxides, 
oxyhydroxides and trace metals. The 
alkalinity of the residue exists in both solid 
and solution as: 1) entrained liquor (sodium 
hydroxide, sodium aluminate and sodium 
carbonate), 2) calcium compounds, such as 
hydrocalumite, tri-calcium aluminate and lime, 
and 3) sodalite (Johnston et al. 2010). The 
neutralisation of the residue by seawater 
produces a precipitate predominately 
comprised of hydrotalcite 
(Mg6Al2(OH)16CO3·4H2O) and calcium 
carbonate (CaCO3) (Palmer et al. 2009).  
Currently, large amounts of seawater are 
required (15 to 20 times the volume of red 
 
mud to be neutralised) to achieve the 
environmental standards required for red mud 
to be safely disposed in tailings dams, while 
the magnesium and calcium depleted 
seawater is discharged back to sea 
(Anon,2003). As the cost of production 
increases due to lower grade bauxite ore 
being processed it is necessary to find more 
affordable and environmentally friendly 
alternatives to ensure the sustainability of the 
industry.  
 
The greatest advantage of  membrane filtered 
seawater is a reduced volume that is required 
to achieve the same degree of residue 
neutralisation.  These reductions in volume, 
and thus time, translate into increased 
  
Table 1: Seawater compositions using ICP-
OES 
  Seawater 
source 
Concentration (mg/L) 
Na+ Mg2+ Ca2+ 
 SW   12532  1425 468 
RO   23940  2788 981 
NF   14520  4450 1427 
 
productivity with reduced infrastructure costs. 
This study will compare the neutralisation 
efficiency of different membrane filtered 
seawaters with synthetic variations of 
seawater, as well as the effect of solution 
chemistry on the composition and stability of 
the precipitates  that form.  
 
2. EXPERIMENTAL  
 2.1 Materials  
The Bayer liquor used in this study was 
created from a real saturated evaporative 
liquid (SEL) with a Al2O3 concentration of 
96g/L. Solutions similar to those used in 
previous studies were prepared by the dilution 
of SEL with known amounts of ultrapure 
water, sodium hydroxide (NaOH) and sodium 
carbonate (Na2CO3) (Johnstone et al. 2013).  
 
Seawater (SW) was collected February 2013, 
200m offshore from the north wall of Hillarys 
Marina north of Perth (Western Australia) at a 
depth of 4m. Seawater was pre-filtered using  
5 μm cartridge filters before membrane 
filtration. A portion of this seawater was then 
processed by nanofiltration (NF) in order to 
triple the concentration of magnesium and 
calcium cations, while maintaining the same 
concentration for all other ions in seawater. 
Nanofiltered seawater was prepared using a 
4” diameter spiral wound DK membrane from 
GE Power and Water at a constant pressure 
of 2500 kPa and flux of 30 litre/m2/h (LMH). 
Magnesium and calcium were concentrated in 
the reject stream until a volume recovery of 
70% was reached. Another portion of 
seawater was then processed by reverse 
osmosis (RO) using a 4” diameter spiral 
wound CSM 40-40-SHM seawater 
membrane. The pressure was increased 
gradually to maintain a flux of 20 LMH. A 
maximum recovery of 50% was reached at 
6000kPa. 
 
Seawater was spiked with either magnesium 
or calcium using analytical grade magnesium 
chloride hexahydrate and calcium chloride 
dihydrate to achieve desired spiked 
concentrations for the synthetic solutions 
used in this study. 
 
2.2 Experimental procedure 
Seawater, membrane filtered seawater (RO 
and NF) and seawater solutions spiked with 
Mg2+, Ca2+ and  a mixture of Mg2+ and Ca2+ in 
proportionally increasing concentrations were 
titrated until a pH of 9.25 was reached. The 
pH and conductivity of the neutralised solution 
was logged following each addition of 
seawater and the solution was stirred on a 
bench top stirrer at 500 rpm.  After the target 
pH was reached the solution was centrifuged 
for 5 minutes at 2500 rpm using a Centurion 
Scientific C2 series centrifuge, after which the 
supernatant was retained for further analysis. 
The solid portion was then washed in 400mL 
of H2O and stirred using an IKA overhead 
impellor stirrer (35mm) at 500 rpm for 15 
minutes. The supernatant was again 
centrifuged at 2500 rpm for 5 minutes, at 
which point the solution was discarded and 
the solid portion left in an oven at 80°C to be 
weighed and stored for analysis when dry.  
 
 2.3 Characterisation techniques 
X-ray diffraction (XRD) patterns were 
collected using a Philips X'pert wide angle X-
ray diffractometer, operating in step scan 
mode, with Co K radiation (1.7903 Å). 
Patterns were collected in the range 5 to 90° 
2 with a step size of 0.02° and a rate of 30s 
per step. Samples were prepared as Vaseline 
thin films on silica wafers, which were then 
placed onto aluminium sample holders.  
 
Infrared spectra were obtained using a Nicolet 
Nexus 870 Fourier Transform infrared 
spectrometer (FTIR) with a smart endurance 
single bounce diamond ATR (attenuated total 
reflectance) cell. Spectra over the 4000-525 
cm-1 range were obtained by the co-addition 
of 128 scans with a resolution of 4 cm-1 and a 
mirror velocity of 0.6329 m/s.  
 
Seawater solutions were diluted 1 in 100 in 
~2% HNO3 for inductively coupled plasma – 
optical emission spectroscopy (ICP-OES) 
  
 
Figure 1: Bayer liquor neutralisation curves 
using seawater spiked with known amounts of 
MgCl2 
analysis. Solutions were analysed using a 
VISTA-MPX CCD simultaneous ICP-OES 
instrument using an integration time of 0.15 
seconds with 3 replications, with the following 
wavelengths: Mg (285.213), Ca (422.673), 
and Na (589.592). A certified standard from 
Australian Chemical Reagents (ACR) 
containing 1000mg/L of aluminium, calcium, 
magnesium, and sodium was diluted to form a 
multi-level calibration curve using a Hamilton 
Diluter.   
 
Thermal decomposition of the hydrotalcite 
was carried out in a TA® Instruments 
incorporated high-resolution 
thermogravimetric analyser (series Q500) in a 
flowing nitrogen atmosphere (90 cm3/min). 
The TGA instrument was coupled to a Pfeiffer 
Vacuum ThermostarTM GSD320 mass 
spectrometer for gas analysis. Only water 
vapour, carbon dioxide and oxygen were 
analysed. Approximately 50 mg of sample 
was heated in an open platinum crucible at a 
rate of 10.0 °C/min up to 1000 °C. The 
synthesised hydrotalcites were kept in an 
oven (80 °C) for 24 hrs before TG analysis. 
Thus the mass losses are calculated as a 
percentage on a dry basis. 
 
3.  RESULTS AND DISCUSSION 
3.1 Influence of magnesium during 
neutralisation 
The dependence of the neutralisation process 
on the concentration of magnesium is clearly 
shown in Figure 1. Increasing the magnesium 
concentration significantly increases the 
efficiency of the neutralisation process such 
that doubling the Mg concentration in 
seawater (in ppm) results in approximately 
half of the volume of seawater required to 
reach the same neutralisation point. This is 
further exemplified by the rate of change in 
pH per volume of seawater of the inflection 
point between pH 11.5 and 9.5. The rate of 
change and trend line equations show an 
increase in efficiency of approximately 3.5 
times over the concentration range analysed. 
 
The increase in volume efficiency is 
suggested to be due to the formation of 
hydrotalcite, the increased presence of Mg2+ 
ions from the concentrated seawater along 
with the Al3+, OH- and CO32- from Bayer liquor 
provide suitable conditions for hydrotalcite 
precipitation (Salomão et al., 2011). This 
confirms magnesium as the primary driving 
force in seawater behind pH neutralisation 
and indicates using membrane filtered 
seawaters concentrated in magnesium would 
be an effective strategy to lower the volumes 
required by current seawater neutralisation 
processes. 
 
3.2 Influence of calcium during 
neutralisation 
Increasing the concentration of calcium in 
seawater only has a minimal effect on the 
volume efficiency of the neutralisation 
process (Figure 2), with only slight increases 
in efficiency in the initial stages. As the 
concentration of calcium increases the 
neutralisation steps become more distinct and 
a two-step neutralisation curve is observed. 
There is no observable increase in overall 
neutralisation efficiency, which suggests that 
this extra step is unstable and is most likely 
recycled in the formation of hydrotalcite and 
CaCO3. The formation of hydrotalcite is 
proposed to be the second step in the 
observed two-step curves based on the pH of 
the inflection point. The neutralisation rate 
remains relatively constant throughout the 
series further confirming that there is little 
increase in efficiency, while the inflection 
point trend line is shown to become 
progressively less linear as the two-step 
neutralisation curve is produced. 
 
  
The inflection point of the first curve coincides 
with a phase shift of calcium hydroxide to 
calcium ions in the Ca pourbaix diagram 
(Takeno 2005), indicating high calcium 
concentrations influence formation of calcium 
hydroxide. However, it is unstable below pH 
12.4 and dissolution occurs, followed by the 
formation of CaCO3 via the reaction: 
Ca(OH)2(s)  +  CO2(g)    CaCO3(s)  +  H2O(l) 
This is believed to be the cause of the 2-step 
neutralisation process observed in Figure 2. 
The formation of calcium carbonate continues 
as long as carbonate in the liquor is available, 
or through dissolution of atmospheric carbon 
dioxide via the reaction pathway: 
CO2(aq) + H2O(l) ↔ H2CO3(aq) ↔ HCO3-(aq) + H+ 
(aq)↔ CO32-(aq) + 2H+(aq) 
The interconversion of carbon dioxide and 
hydrated carbonate species is slow since only 
a small amount of aqueous CO2 exists in its 
hydrated form (H2CO3) causing the gradual 
lowering of pH over time that is observed 
(Kern, 1960). 
 
3.2 Increased magnesium and calcium 
effects on neutralisation process  
An increase in magnesium and calcium 
concentration (Figure 3) appears very similar 
to the increase in magnesium only curves 
(Figure 1). However, less seawater is 
required to achieve the same neutralisation 
point.  There are some variations in pH at 
around pH 11, believed to be the 
CaOH/CaCO3 dissolution-formation reactions 
previously discussed.   
 
Another difference occurs in the buffering 
zone (pH 13.5 to 12), where the origin of the 
inflection point is observed at higher pH for 
this series compared to the magnesium only 
spiked samples. This quicker decline in pH is 
proposed to be due to the increased rate of 
CaCO3/CaOH2 formation driven by the 
increased calcium concentrations. The pH 
derivative shows that although the change in 
pH is actually less in these samples with 
respect to the inflection point trend line 
(compared to magnesium) it is better 
sustained throughout the neutralisation 
process, leading to a higher rate of change in 
pH per volume and lower volumes required 
for neutralisation. These results show that 
using solutions concentrated in both 
magnesium and calcium, such as in RO and 
NF seawater, is the most effective strategy for 
neutralising Bayer liquors via seawater 
neutralisation.  
 
3.3 Alternative seawater sources 
Comparison of the spiked magnesium and 
calcium solutions to alternative seawater 
sources indicate that the neutralisation of 
Bayer liquor using seawater is related to the 
concentration of both magnesium and calcium 
cations in seawater. The concentration of 
magnesium has been found to have the 
greatest impact on neutralisation efficiency 
followed by calcium, while the concentration 
of other species in seawater do not appear  to 
play a big role in increasing the efficiency of 
pH neutralisation. Both RO and NF seawater 
showed significant reductions in the volumes 
required to reach neutralisation, which 
translates to increased productivity in existing 
refineries using seawater neutralisation.  
 
The only new investment required for this 
process would be the installation of a 
nanofiltered or reverse osmosis plant onsite. 
The advantages of using membrane filtered 
seawater would outweigh these initial 
implementation costs, considering that 120 
million tons of residue is currently being 
produced annually. 
  
The capital costs for NF and RO seawater will 
be higher than direct feed seawater plants, 
 
Figure 2: Bayer liquor neutralisation curves 
using seawater spiked with known amounts 
of CaCl2 
  
 
Table 3: Interlayer spacings of hydrotalcite 
Seawater  
d003  
(°2θ) 
FWHM 
Basal 
spacing 
(Å) 
6g/L SW 12.459 1.78 8.243 
6g/L RO 12.470 1.60 8.236 
6g/L NF 12.443 1.94 8.254 
4000 Mg 13.085 1.85 7.851 
3000 Ca 13.150 1.68 7.812 
4000 Mg / 
2000 Ca 
12.93 1.79 7.947 
 
 
Figure 3: Bayer liquor neutralisation curves 
using seawater spiked with known amounts 
of MgCl2 and CaCl2 
however in a greenfield development 
significant savings are possible through 
reduced sizing of downstream residue 
infrastructure and footprint, as well as 
reduced power associated with pumping 
costs. For a brownfield expansion to existing 
plants, upstream processing capacity can be 
increased without the need to proportionally 
increase the footprint and infrastructure 
associated with the tailings circuit, such as 
piping, reaction vessels, thickeners and 
clarifiers, as well as the associated costs of 
pumping throughout the plant and discharge.  
 
Further potential reductions to the capital 
costs are possible if a desalination plant is 
located within the vicinity of the alumina 
refinery. The two industries could operate 
synergistically by sharing in the capital 
investment and the alumina refinery receiving 
the desalination plant’s brine discharge 
stream. The total economic advantages is 
case specific, however it is proposed that the 
majority of alumina refineries using the 
seawater neutralisation process would benefit 
from the implementation of this technology. 
The report by Taylor et. al., (Taylor, 2011) 
provides more detail on the economic 
advantages of using membrane technology in 
the seawater neutralisation process.  
 
3.4 Precipitate characterisation 
The precipitates formed using different 
seawater solutions were characterised to 
determine whether similar precipitates formed 
regardless of the concentration of reactive 
species in seawater and whether other 
species present in seawater and alternative 
seawater sources have an effect on these 
precipitates. The nature of these precipitates 
needs to be determined for safe disposal and 
to reduce liability in industry. 
 
3.4.1 X-ray diffraction 
Precipitates formed during SW, RO and NF 
neutralisation show very similar XRD patterns 
(Figure 4) consisting of hydrotalcite 
(Mg6Al2(OH)16CO3·4H2O), calcite (CaCO3 – 
rhombohedral), aragonite (CaCO3 – 
orthorhombic), thenardite (Na2SO4) and halite 
(NaCl). The presence of halite and thenardite 
in the patterns is due to the absence of 
washing and the drying technique used, they 
are not true mineralogical phases.  The 
formation of aragonite is unusual in room 
temperature reactions as it is 
thermodynamically unstable and typically 
transforms to calcite. However, studies by 
Reddy show that aragonite is able to form in 
Mg2+ saturated solutions as it interferes in the 
dissolution-precipitation reactions involved in 
the aragonite to calcite transition (Reddy 
1986). Another study by Lippmann has found 
that solutions that have high Mg2+ 
concentrations will actually favour the 
formation of aragonite at room temperature 
due to a growth inhibiting effect that it has on 
calcite (Lippmann 1973). 
 
It is clear from the XRD patterns that simply 
  
 
Figure 4: XRD patterns of Bayer precipitates 
formed using seawater, NF, RO and Mg2+/Ca2+ 
spiked equivalents 
increasing the Mg2+ and Ca2+ in seawater 
does not accurately represent RO and NF 
feed sources. For example, an additional 
4000mg/L of Mg2+ in seawater resulted in no 
visible signs of CaCO3, while aragonite didn’t 
form in the seawater spiked with an additional 
4000mg/L Mg2+ and 2000mg/L Ca2+. These 
observations suggest that in highly saturated 
Ca2+ solutions the formation of calcite is 
favoured with only minimal interference from 
Mg2+, while when the solution is highly 
saturated with Mg2+ the formation of CaCO3 is 
suppressed as magnesium precipitates are 
favoured. 
 
The concentration of Mg2+ and Ca2+ for NF 
and 4000mg/L Mg / 2000mg/L Ca spiked 
seawater are relatively comparable, however 
they form very different ratios of mineralogical 
phases. It is proposed that the NF process 
has concentrated other species such as 
strontium and barium which are known to be 
calcite stabilisers (De Choudens-Sanchez 
and Gonzalez 2009, Saylor 1928, Wray and 
Daniels 1957, Zhang and Dawe 2000). This 
would provide a reason for why calcite is 
essentially the only CaCO3 polymorph 
observed in the 4000mg/L Mg / 2000mg/L Ca 
spiked seawater sample. 
The hydrotalcite patterns for the spiked 
seawater samples have also shifted to higher 
angles by about 0.5 and 1.0 °2θ (Table 3). 
This shift implies that the spiked seawater 
solutions have formed hydrotalcites with 
smaller interlayer spaces (Kloprogge et al. 
2002, Wang et al. 2008), which has been 
confirmed using Xpert Highscore software 
(Table 3).  The thickness of the brucite-like 
layer is 4.8Å, which means that the actual 
interlayer distance ranges from 3.443 to 
3.051Å (Drezdzon 1988). Based on the DTG 
curves the main anions in the hydrotalcite 
structure are carbonate and hydroxyl anions 
with ionic radii of 1.85 and 1.4Å respectively. 
The spacing may have decreased due to the 
nature of the anions in the interlayer spaces. 
TG-MS data (Figure 6) shows that SW, RO 
and NF have more carbonate related to its 
main decomposition peak than the synthetic 
precipitates. This implies that the smaller 
hydroxyl units are intercalated in the synthetic 
precipitates. An implication of this is that 
smaller interlayer spaces in hydrotalcite 
reduce the potential for larger, transition metal 
anions such as molybdate and vanadate to be 
intercalated, an attractive advantage of 
seawater neutralisation.  
 
Another potential explanation for the 
decrease in basal spacing in the synthetic 
samples is that the formation of hydrotalcite 
with lower Mg:Al ratios has occurred. The 
larger Mg2+ cations ((Mg = 0.86Å) are 
displaced by the smaller Al3+ cations (Al = 
0.68Å) in the structure which has been shown 
to lower the d003 spacings (Drezdzon 1988, 
Lin et al. 2006). If this is occurring then it 
would suggest that spiking seawater with 
magnesium and calcium causes more 
controlled precipitation of hydrotalcite at lower 
pH, facilitated by the initial precipitation of 
simple hydroxides and carbonates. 
Comparatively, hydrotalcite formed with 
higher Mg:Al ratios would be expected to 
remove more hydroxide alkalinity per 
molecule of hydrotalcite formed, shown by the 
equations below: 
2:1 hydrotalcite: 
4MgCl2·6H2O(aq) + 2NaAl(OH)4(aq) + 4NaOH(aq) 
+ Na2CO3(aq) → Mg4Al2(CO3)(OH)12·4H2O(s) + 
8NaCl(aq) + 20H2O(l) 
4:1 hydrotalcite: 
8MgCl2·6H2O (aq) + 2NaAl(OH)4(aq) + 
12NaOH(aq) + 1/2Na2CO3(aq) → 
Mg8Al2Cl(CO3)0.5(OH)20·4H2O(s) + 15NaCl(aq) 
+ 44H2O(l) 
  
 
Figure 5: IR spectra of Bayer precipitates 
formed using seawater, NF, RO and 
Mg2+/Ca2+ spiked equivalents 
Table 4: Thermal analysis mass loss and 
hydrotalcite layer decomposition temperature 
Seawater 
Description 
Layer 
decomposition 
temperature (°C) 
6g/L SW 369 
6g/L RO 366 
6g/L NF 379 
4000mg/L Mg 388 
3000mg/L Ca 400 
4000mg/L Mg / 
2000mg/L Ca 
402 
 
3.4.2 Infrared spectroscopy  
Overall, the infrared spectra of the 6 
precipitates (Figure 5) show a broad band 
centred around 3400cm-1 (hydroxyl-
stretching), multiple bands between 1600 and 
1300cm-1 (water deformation and carbonate 
vibrational modes) and another band centred 
at  1100cm-1 (carbonate vibrational modes). 
Peak assignments have been made based on 
results reported by several authors (Cavani et 
al. 1991, Hernandez-Moreno et al. 1985, 
Kloprogge and Frost 1999, Miyata 1975, 
Palmer et al. 2009).  
 
The hydroxyl-stretching modes associated 
with the Al and Mg hydroxyl layers are 
centred between 3440cm-1 for the spiked 
seawater and 3400cm-1 for seawater, RO and 
NF concentrates. This shift to higher 
wavenumbers for SW, RO and NF is due to 
an increase in magnesium in the structure, 
and thus hydrotalcites closer to a 4:1 ratio 
have formed (Palmer et al. 2009, Rahman 
and Al-Deyab 2011). As mentioned before, 
the increase in Mg:Al ratio is attractive as it 
increases the pH neutralising capabilities of 
hydrotalcite. 
 
Bands at 1408 and 1490cm-1 are 
predominately assigned to asymmetric 
carbonate modes associated with calcite and 
aragonite respectively. Adsorption bands 
observed for intercalated carbonate in 
hydrotalcite occur at lower wavenumbers; the 
asymmetric υ3 mode at around 1365cm-1 and 
the υ2 mode at 865cm-1. Figure 5 clearly 
shows the absence of hydrogen bonded 
carbonate anions to interlayer water (1365cm-
1) in seawater, RO and NF precipitates, while 
the spiked seawater samples all show a sharp 
band centred at around 1355cm-1. It is 
possible that there is more than one band 
present at 1408cm-1 for SW, RO and NF 
which may be an asymmetric stretching mode 
of free carbonate in the hydrotalcite structure 
that has been previously reported at 1415cm-1 
(Frost et al. 2003). Carbonate is present in 
hydrotalcite based on the TG-MS results 
presented (Figure 6). The capture of 
carbonate in precipitates will reduce the 
volumes required to neutralise Bayer liquors, 
especially in highly buffered zones at high pH 
and below pH 10, where the HCO3- ↔ CO22- 
equilibrium becomes dominant.  
 
3.4.3 Thermal analysis  
The decomposition temperature for the 
simultaneous dehydroxylation and 
decarbonation region are provided in Table 4. 
The typical DTG curve (Palmer et al. 2009) 
for these types of precipitates show three 
distinct weight losses; 1) the first mass loss is 
ascribed to the removal of physically 
adsorbed water and hydrotalcite interlayer 
water, 2) the dehydroxylation and 
decarbonation of the hydrotalcite structure, 
and 3) the decarbonation of CaCO3. It is 
observed that the spiked seawater samples 
have a higher decomposition temperature 
  
 Figure 6: Thermal decomposition profile 
and corresponding mass spectra 
than SW, RO and NF, while NF is observed to 
have the highest decomposition of the 3 real 
seawater sources. 
 
In terms of long-term storage and disposal, 
this indicates that using NF will create a more 
stable product that will be able to withstand 
current practices for disposal and storage. The 
increase in thermal stability of the synthetic 
precipitates is again due to the increased 
aluminium substitution. Aluminium has a 
higher charge and smaller radius than 
magnesium and this equates to stronger 
hydrogen bonding between hydroxyl layers 
creating a more thermally stable product 
(Palmer, S.J.F., R. L.; Nguyen, T., 2009).  
 
4. CONCLUSION 
This investigation has shown that the overall 
reaction mechanisms responsible for the 
neutralisation of alumina wastewater are 
highly similar for all seawater sources. Only 
minor variations in structures and stabilities 
are observed. The results suggest that there is 
a direct correlation between the concentration 
of magnesium and calcium on the efficiency of 
the neutralisation process. However, spiked 
seawater samples show that other species in 
solution may influence the overall composition 
of the precipitates and their bonding 
environments. These changes do not appear 
to have any significant influence on the overall 
stability of the neutralisation precipitates. 
Other studies by the authors (Johnstone, et al. 
2013) have shown that a number of reactions 
are responsible for the overall neutralisation 
process. The similarity of precipitate 
compositions confirms that the use of 
nanofiltered seawater can be used in current 
applications that use seawater neutralised 
residue but with the added advantages of 
reduced volumes and similar water quality for 
discharge. Reverse osmosis brine also shows 
promise in reducing volumes required for 
neutralisation, however the additional salt 
content may hinder land rehabilitation and 
revegetation strategies. 
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